Several mucoid ultraviolet (UV) light-sensitive derivatives of Escherichia coli K-12, considered to be mutants in the lon (capR) gene, have been described previously (10, 22, 24, 25) . Most of them were selected from colonies on minimal plates incubated at 37 C after UV irradiation. Since considerable data have been accumulated suggesting that ozone may be a general mutagenic agent (I. Davis, Ph.D. thesis, Univ. of Pennsylvania, Philadelphia, 1959; 6, 13, 14, 21, 26, 27, 29, 30) , the present experiments were undertaken to study the effects of ozonized air on genes controlling the synthesis of capsular polysaccharide.
In this report, we show that mucoid strains, similar to K-12 ton strains isolated after UV irradiation, are obtained after exposure to ozone and that these mutants are more sensitive to ozone than parental strain MQ259.
MATERLALS AND METHODS
Bacterial strains. The strains used in these experiments, their characteristics, and their origins are listed in Table 1 .
Media. Complete (NB) broth consisted of 3 g of beef extract and 5 g of peptone per liter of distilled water. Viable counts, survival curves, and filament formation studies were done on this medium solidified with 1.5% agar (Difco). Davis minimal broth (Difco), supplemented with glucose (0.5%), methionine (20 tor tubes (19) (20) (21) . Samples removed from the bacterial suspension were serially diluted and spread on supplemented minimal agar. Mutants were selected by their mucoid appearance on plating medium after 2 or more days of incubation at 37 C. Single-colony isolates, characterized by a mucoid exudate, were picked and streaked twice before characterization. UV sensitivity. UV survival curves were obtained as described by Chung and Greenberg (5) .
Ozone sensitivity. The procedure for testing ozone sensitivity was described in detail previously (19) .
Filament formation. Tests for filament formation were as described by Donch and Greenberg (9) .
RESULTS
Colony morphology. Several large, spreading, watery colonies appeared on minimal medium after exposure of cultures of MQ259 to ozone. Seventy mutants were easily screened, by their mucoid appearance, from among the wild-type colonies which, in contrast, were much smaller and appeared yellowish on selective agar. Very similar to Ion mutant AB1899 isolated after UV irradiation (22) , all of the mutants tested formed excessive amounts of capsular polysaccharide at 37 C on minimal medium. At low (30 C) temperatures, about 50% of the mutants selected were showing the mucoid phenotype even on NB medium, the other half of the mucoid strains forming only glistening colonies which, however, were not spreading or watery. Thus, mutant strains studied include both of these types. On the other hand, we observed that the phenotypic expression of the mucoid phenotype varied according to the concentration of adenine present in the medium, the mucoid clones being more opaque and compact on minimal agar supplemented with 40 ,g of adenine per ml than on minimal agar containing less (10 Mg/ml) or lacking ade- (10, 11, 22, 25) . Tests were then made to determine whether colony type correlated with an increased sensitivity to UV in the mucoid derivatives of the parental strain MQ259. Figure 1 shows the fraction of survivors of five representative mutants exposed to UV. The UV survival data of parental strain MQ259 and lon strains AB1899 and PAM551 are also shown. As judged by the fraction of bacteria that retain capacity for colony formation on nutrient agar after UV irradiation, all of the mucoid derivatives selected were more radiosensitive than strain MQ259. As regards sensitivity to radiation, two phenotypically different classes of lon mutants of strain K-12 have been isolated and described by Donch and Greenberg (11) . For comparison AB1899 was considered phenotypically to be a lon mutant of class A; PAM551 belongs to class B (10). According to our results, all of the independently isolated mutants studied have similar properties and belong, with no equivocation, to the more UVsensitive class B lon mutants. The type of mucoid clone obtained at 30 C on complex media appears unrelated to sensitivity to UV irradiation and other properties to be described.
Filament formation. As judged by the excessive amounts of capsular polysaccharide formed and the greater sensitivity of the strains to UV, the mutants that appeared after exposure to ozone were very similar to UV-induced K-12 lon mutants. Experiments were done to determine whether their cell division capacity was also inhibited by U'N radiations: all mutants became filamentous after UV irradiation or when grown in nutrient broth without aeration.
Ozone sensitivity. The influence of the lon gene on sensitivity to ionizing radiation in E. coli (1, 22) , as well as the analogy between ozone and X-ray effects on E. coli deoxyribonucleic acid (20) , led us to characterize the mutant strains as to their sensitivity to ozone (Fig. 2) . The data indicate that the strains considered to be mutants in the lon gene are more sensitive to ozone than lon+ strain MQ259. This latter strain resembles E. coli B/r in survival after ozone treatment, whereas lon mutants are relatively more sensitive to this agent and are similar to uvrA strains (19, 20 15-17, 20, 26, 28) .
We have discussed in a previous paper (20) the possibility that recovery of the cells from the effects of ozone is more related to the deoxyribonucleic acid repair mechanism controlled by the exr (resistance or sensitivity to X rays and UV light) genes than to the dimer excision process of the uvr (resistance or sensitivity to UV) genes. On the other hand, Adler and Hardigree (1) and Howard-Flanders et al. (22) have found the lon strains to be abnormally radiosensitive to both UV light and to X rays, indicating that this greater radiosensitivity is not due to a loss of the capacity to reactivate UV-induced photoproducts in deoxyribonucleic acid (22) . The finding that Ion strains are also sensitive to ozone strongly supports the idea that ozone and X rays act in a similar manner on the most sensitive target of both radiations and radiomimetic agents, i.e., deoxyribonucleic acid. In fact, preliminary results from deoxyribonucleic acid breakdown experiments in E. coli indicate that acid-soluble material appears during incubation after ozone treatment and that this induction of single-strand breaks is compatible with the previous assumption that there are common enzyme-mediated steps involved in the processes determining sensitivity to both ozone and X rays (20) .
Finally, the data presented here indicate that ozone sensitivity, mucoidy, radiosensitivity, and filament formation are pleiotropic properties of the lon gene.
Since the synthesis of capsular polysaccharide is a multistep process (2, 24, 25) that could be turned off by mutation in any one of a number of steps, transduction experiments and complementation tests are now being performed in this laboratory to determine whether the mucoid strains isolated after exposure to ozone are effectively carrying a mutation in the lon gene, which was previously located in the tsx region (10) . For further evidence of their identity, we are also investigating the effect of genes such as uvr, exr, lex, and sul (7, 8, 12, 18) on the phenotypic properties of the mutants considered to be lon. At the same time, experiments are being conducted to elucidate how ozone injures deoxyribonucleic acid and how such injury is prevented in resistant strains.
